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The DOE-NE Light Water Reactor Sustainability Program 
is supporting subsequent license extension decisions 

Vision 
•  Enable existing nuclear power plants to safely 

provide clean and affordable electricity beyond 
current license periods (beyond 60 years) 

Program Goals 
•  Develop fundamental scientific basis to understand, 

predict, and measure changes in materials as they age 
in reactor environments 

•  Apply this knowledge to develop methods and 
technologies that support safe and economical long-
term operation of existing plants 

•  Research new technologies that enhance plant 
performance, economics, and safety 

Scope 
•  Materials Aging and Degradation 
•  Advanced Instrumentation and Controls 
•  Risk-Informed Safety Margin Characterization 

More	
  informa;on	
  and	
  recent	
  reports	
  are	
  
available	
  on	
  
	
  

	
  www.inl.gov/lwrs	
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LWRS research in materials aging and 
degradation areas provide results in several ways 

•  Measurements	
  of	
  degrada:on:	
  	
  High	
  quality	
  data	
  will	
  provide	
  key	
  informa;on	
  for	
  
mechanis;c	
  studies,	
  but	
  has	
  value	
  to	
  regulators	
  and	
  industry	
  on	
  its	
  own.	
  

•  Mechanisms	
  of	
  degrada:on:	
  	
  Basic	
  research	
  to	
  understand	
  the	
  underlying	
  
mechanisms	
  of	
  selected	
  degrada;on	
  modes	
  will	
  lead	
  to	
  beGer	
  predic;on	
  and	
  
mi;ga;on.	
  	
  

•  Modeling	
  and	
  simula:on:	
  Improved	
  modeling	
  and	
  simula;on	
  efforts	
  have	
  great	
  
poten;al	
  in	
  reducing	
  the	
  experimental	
  burden	
  for	
  life	
  extension	
  studies.	
  	
  These	
  
methods	
  can	
  help	
  interpolate	
  and	
  extrapolate	
  data	
  trends	
  for	
  extended	
  life.	
  	
  

•  Monitoring:	
  	
  While	
  understanding	
  and	
  predic;ng	
  failures	
  are	
  extremely	
  valuable	
  
tools	
  for	
  the	
  management	
  of	
  reactor	
  components,	
  non-­‐destruc;ve	
  monitoring	
  
must	
  also	
  be	
  u;lized.	
  

•  Mi:ga:on	
  strategies:	
  	
  While	
  some	
  forms	
  of	
  degrada;on	
  have	
  been	
  well-­‐
researched,	
  there	
  are	
  few	
  op;ons	
  in	
  mi;ga;ng	
  their	
  effects.	
  	
  	
  New	
  technologies	
  
may	
  overcome	
  limits	
  of	
  degrada;on	
  in	
  key	
  components	
  and	
  systems.	
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The LWRS program has a diverse set of partners 
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 Objectives: October Meeting at ORNL 

•  Develop	
  an	
  assessment	
  of	
  concrete	
  R&D	
  to	
  support	
  
implementa;on	
  of	
  Aging	
  Management	
  Programs	
  (AMPs)	
  and	
  
other	
  ac;ons	
  for	
  safe	
  Long-­‐Term	
  Opera;on	
  (LTO).	
  
–  Review	
  current	
  state	
  of	
  knowledge	
  and	
  R&D	
  project	
  plans	
  
–  Develop	
  ini;al	
  consensus	
  on	
  R&D	
  needs	
  for	
  concrete	
  aging	
  
management	
  

–  Establish	
  a	
  roadmap	
  with	
  ;melines	
  for	
  conduc;ng	
  R&D	
  
efforts	
  

•  Refine	
  cross	
  organiza;on	
  coordina;on	
  to	
  achieve	
  roadmap	
  
execu;on	
  success	
  



Concrete R&D Needs Assessment 

•  Iden;fied	
  Concrete	
  Issue	
  Areas	
  in	
  the	
  EPRI	
  LTO	
  Issue	
  Tracking	
  
Table	
  (ITT)	
  
–  Table	
  items	
  jointly	
  developed	
  with	
  industry,	
  DOE	
  and	
  other	
  
stakeholder	
  par;cipa;on	
  

•  Specific	
  references	
  to	
  EPRI	
  and	
  DOE	
  (LWRS)	
  R&D	
  efforts	
  
–  Provide	
  ini;al	
  basis	
  for	
  R&D	
  project	
  need	
  and	
  priori;za;on	
  
to	
  support	
  u;lity	
  decisions	
  on	
  long-­‐term	
  opera;ons	
  	
  

•  Concrete	
  issues	
  (irradia;on	
  and	
  ASR)	
  also	
  highlighted	
  in	
  recent	
  
Aging	
  Management	
  Program	
  R&D	
  Assessment	
  
–  Category	
  1	
  items	
  involve	
  R&D	
  to	
  beGer	
  characterize	
  and	
  
manage	
  60	
  to	
  80	
  years	
  materials	
  performance	
  

	
  
	
  



ITT Concrete Issues 



EPRI Issue Tracking Table Background 



Concrete R&D Current Status 

•  EPRI/DOE	
  (LWRSP)	
  Joint	
  R&D	
  Plan	
  (April	
  2013)	
  
–  Iden;fies	
  concrete	
  issues	
  as	
  a	
  collabora;ve	
  effort	
  
–  Lists	
  an	
  ini;al	
  number	
  of	
  projects	
  

•  EPRI	
  Nuclear	
  Concrete	
  Structures	
  Aging	
  Reference	
  Manual	
  
(2011)	
  



Joint Plan Content 



Summary and Action Plan Development 

•  Concrete	
  aging	
  issues	
  have	
  been	
  iden;fied	
  as	
  an	
  area	
  of	
  
research	
  to	
  support	
  LTO	
  
–  Some	
  ac;vi;es	
  currently	
  underway	
  and	
  planned	
  

•  Need	
  to	
  assess	
  completeness	
  of	
  R&D	
  efforts	
  and	
  ;ming	
  	
  
– Mee;ng	
  objec;ve:	
  Develop	
  an	
  ini;al	
  assessment	
  and	
  
plan	
  forward	
  

–  Communicate	
  plan	
  to	
  NRC	
  Division	
  of	
  License	
  Renewal	
  
in	
  Dec	
  

– Maintain	
  and	
  update	
  as	
  appropriate	
  	
  
•  R&D	
  results	
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Joint R/D roadmaps have been developed for key 
research areas 
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Possibility	
  of	
  IAASR	
  
In	
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2013-­‐2015	
  

Radia;on	
  Transport	
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  n	
  fluence	
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Effects	
  of	
  Hea;ng	
  
and	
  Drying	
  at	
  Nagoya	
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Effect	
  of	
  
Confinement	
  on	
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Characteriza;on	
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  Concrete	
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  of	
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  Structures	
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2015-­‐2016	
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Alkali-Silica Reaction research is also ongoing 
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m
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  209	
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RILEM/Northwestern	
  

Database	
  
	
  

Creep-­‐fracture	
  effect	
  
ajer	
  principal	
  stress	
  

rota;on	
  

BARCOM	
  !/4th	
  scale	
  
mockup	
  (India)	
  
Early	
  2000’s	
  

	
  
EDF	
  !/4th	
  scale	
  
mockup	
  (France)	
  

2014-­‐2024	
  
	
  
+	
  

Several	
  structural	
  
test	
  on	
  reinforced/

prestressed	
  
containments	
  

(Sizewell	
  B	
  1989,	
  
Civaux	
  ,	
  NRC	
  1987,	
  
CTL/EPRI	
  tests,	
  

Sandia	
  1/4th	
  scale…)	
  

Acous;c	
  monitoring?	
  Creep	
  Risk	
  Screening	
  
Survey	
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Key	
  

Creep/fracture interaction research will rely on the 
extensive database already available. 
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Other management tools are also being 
developed 



Summary 

•  Several	
  poten;al	
  knowledge	
  gaps	
  for	
  concrete	
  
and	
  civil	
  structures	
  in	
  the	
  subsequent	
  
opera;ng	
  period	
  have	
  been	
  iden;fied.	
  
–  Irradia;on	
  effects	
  	
  
– Alkali	
  silicia/aggregate	
  reac;ons	
  
– Creep/fracture	
  mechanisms	
  

•  Joint	
  research	
  is	
  underway	
  in	
  these	
  key	
  areas	
  
•  Upcoming	
  presenta;ons	
  will	
  provide	
  more	
  
detail	
  into	
  these	
  research	
  projects	
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Discussion?	
  

10/22/09	
   STEP	
  Integra;on	
  Workshop	
  1	
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